INTRODUCTION
The etiology of temporomandibular disorders (TMDs) is multifactorial. [1] Different managements have been advocated which have proven to be effective for TMDs. [2] [3] [4] [5] [6] [7] Transcutaneous electrical nerve stimulation (TENS) therapy is a well-known physical therapy useful for the relief of pain by use of controlled, low voltage electrical pulses applied to the nervous system. [8, 9] It is safe, noninvasive, inexpensive, and an effective method of providing analgesia, with reduced potential adverse reactions related to other methods. [10, 11] Therapeutic ultrasound (Th US) is a noninvasive therapeutic method which includes vibrations above 16,000 vibrations/s or 16 Hz (range audible to the human ear). The frequency used is between 1.0 and 3.0 MHz. [12, 13] It is known to accelerate healing, decrease joint stiffness, alleviate pain, increase the extendibility of collagen fibers, and reduce muscle spasm. [14, 15] Management of myofascial pain by therapeutic ultrasound and transcutaneous electrical nerve stimulation: A comparative study changes in the muscles. Therefore, a need was felt to conduct a study to assess the sonographic features of masseter muscle as an index for evaluating the efficacy between TENS therapy and Th US massage therapy in treating myofascial pain and also to observe pre-and post-treatment sonographic features, which could provide the primary line of management in TMDs.
The present study was conducted to determine the efficiency of TENS and Th US in the management of myofascial pain in TMD patients.
MATERIALS AND METHODS
This randomized controlled study was carried out on 90 patients of either sex between 20 years and 60 years. Patients were assigned in three groups.
Groups
Ninety patients who further assigned in three different groups each having 30 patients; Group I was healthy control patients, Group II was receiving Th US therapy, and Group III was receiving TENS therapy. Both sides of the masseter muscle were scanned perpendicular to the anterior border of the muscle and the surface of the mandibular ramus 2-5 cm above the inferior border of the mandible with the minimum pressure at which the thickest muscle image could be obtained. For muscle pain, visual analog scale (VAS) using a score from 0 (no pain at all) to 100 (the worst pain imaginable) was used. Patients in the study group were assigned randomly to the therapy allocated and received treatment for 12 weeks (3 times every 2 weeks) or until the VAS value for muscle pain was <10.
Diagnosis of TMD was made based upon research diagnostic criteria (RDC) for clinical TMDs conditions. Group I a and b (RDC/TMD Group I a and b) [18] and Clinical Diagnostic Criteria for TMDs (Myalgia Type I and II, myofascial pain dysfunction). [19] An informed consent and ethical clearance were obtained from ethical committee.
Detailed specific examinations for signs and symptoms of TMDs were carried out as suggested by Widmer et al. [20] Orthopantomogram (OPG) and transcranial radiographs of both sides (both open and closed mouth) were made to rule out any temporomandibular joint (TMJ) disorders. All the relevant data were entered in the proforma.
All the patients were evaluated for the following parameters before, during, and after every treatment session -maximum mouth opening (i.e., maximum inter-incisal distance) without pain (in mm), subjective  evaluation regarding muscle pain on VAS scale such  as pain at rest, pain with mandibular motion, and  pain on chewing, subjective evaluation regarding  impediment to daily life on VAS scale such as speaking, chewing, and eating, impression of TENS therapy and ultrasonic massage (example -comfort, warmth, and ease of mouth opening), parameters used in TENS therapy, and ultrasonic massage (intensity/ frequency and duration).
For muscle pain, VAS using a score from 0 (no pain at all) to 100 (the worst pain imaginable) was used. For impediments to the activities of daily life, score from 0 "no impediments at all" to 100 "the worst impediments imaginable" was used. For impression of the massage, scores from 0 (uncomfortable, no warmth, or difficulty of mouth opening) to 100 (comfortable, warmth, or ease of mouth opening) were used.
Diagnostic ultrasound was performed using a SIEMENS ACUSONX 300 (2010) equipped with 8 MHz. Each patient was seated in an upright position. The patient underwent sonography at the rest state without chewing and clenching. Both sides of the masseter muscle were scanned perpendicular to the anterior border of the muscle and the surface of the mandibular ramus 2-5 cm above the inferior border of the mandible with the minimum pressure at which the thickest muscle image could be obtained. Sonograms obtained with a focal range between 0.5 cm and 2.0 cm and with an image depth of 6 cm, echo gain and dynamic range were 26 dB and 69 dB, respectively, and the masseter muscle thickness and anechoic areas were evaluated. Each value was assessed and interpreted by 3 observers.
The patients in the study group were assigned randomly to the therapy allocated and received treatment for 12 weeks (3 times every 2 weeks) or until the VAS value for muscle pain was <10. Treatment was continued, if the patient was not relieved with the symptoms or until the VAS value for muscle pain was <10. A pre-and post-treatment diagnostic ultrasound was done and the thickness of the anechoic areas of masseter muscle was evaluated.
Subjects who were included in the study were of dull regional pain in the face persisting for more than 1 month, two or more muscles of mastication tender to palpation, and recognizable pain which increases by palpation.
Objective evidence of TMJ pathology or dysfunction, other orofacial pain conditions (atypical facial pain and atypical odontalgia), other TMD treatments within the last 3 months, neurologic or psychiatric disorders, a history of pain medication abuse or current abuse, anterior disc displacement without reduction (RDC/TMD Group II b and II c), pure arthrogenic pain (RDC/TMD Group III a), pain attributable to recent trauma, dental surgery, metabolic disorders, vascular disease, neoplasia, psychiatric disorders, undiagnosed dental pain, and patients who have been treated with TENS or ultrasound therapy previously without any improvement in the conditions were excluded from the study.
Statistical analysis
Comparative analysis was carried out using "paired t-test" for intragroup and "unpaired t-test" for intergroup comparison. Comparisons of number of anechoic areas were carried out using Chi-square test. The data were analyzed using SPSS software (version 14.0) and descriptive statistics was obtained.
RESULTS
In Group I, the mean age of the subjects was 34.93 years (standard deviation [SD] ±12.57), Group II was 32 years (±10.174), and Group III was 29.73 years (±8.804) and the range was 20-60 years [ Table 1 ]. In Group I, out of 30 patients, there were 18 female (60%) and 12 male (40%), in Group II, 23 female (76.7%) and 7 male (23.30%), and Group III, 24 female (80%) and 6 male (20%) [ Table 2 ].
In control group, the mean ± SD of masseter muscle thickness was 12.00 (SD ± 1.1) mm and in study group (temporomandibular group) pretreatment was 13.00 (SD ± 1.1) mm and was found statistically significant (P = 0.001, i.e., <0.005) [ Table 3 ].
The mean and ± SD of intensity used was 0.73 (SD ± 0.084) W/cm 2 and the duration of the treatment was 9.57 weeks (SD ± 3.036) W/cm 2 [ Table 4 ].
The mean and ± SD of the VAS scores of muscle pain (total VAS score of muscle pain at rest, with mandibular motion, and while chewing) in pretreatment Th US and TENS group were 247.87 (SD ± 26.53) and 240.60 (SD ± 25.75), respectively, and in posttreatment were 20.87 (SD ± 6.35) and 32.37 (SD ± 13.02), respectively. There was no statistically significant difference between two groups before treatment (P < 0.05, i.e., 0.357); however, it was statistically significant after treatment (P = 0.001) [ Table 5 ].
The mean ± SD of maximum mouth opening in both groups individually pretreatment and after treatment was statistically significant (P < 0.05), but when compared between two groups (Th US and TENS) before and posttreatment found no significant statistically (P > 0.05) [ Table 6 ].
The mean ± SD of the VAS scores of impediment to daily life pretreatment in Th US and TENS was 32.45 (SD ± 15.21) and 40.21 (SD ± 18.67), respectively, after treatment in Th US and TENS group was 16.80 (SD ± 8.77) and 26.67 (SD ± 13.69), respectively. The result shows that there was statistically significant difference between both the groups (P < 0.05) and Table 7 ].
In unilateral group, no significant difference (P > 0.05) was found on symptomatic side and contralateral side when compared between two groups (Th US and TENS) pre-and post-treatment [ Table 8 ].
In bilateral group, no significant difference (P > 0.05) was found between both groups (Th US and TENS) pre-and post-treatment on the right and left side of the masseter muscle thickness [ Table 9 ].
After Th US massage treatment, the anechoic areas disappeared or reduced in size in 44 muscles out of 46 muscles (95.6%) whereas in TENS therapy, the anechoic areas disappeared or reduced in size in 35 muscles out of 47 muscles (74.4%) and found Th US was more effective as compared to TENS therapy [ Tables 10 and 11 ].
DISCUSSION
Treatment plan for TMD should not only be determined by the disorder but more importantly by the individual's needs. Different therapeutic modalities result in similar improvements in pain and dysfunction, caution is urged with regard to the use of invasive and other irreversible treatments, particularly in the initial management of TMD patients. [21] Physical therapy helps to relieve musculoskeletal pain and to restore normal function. [4, 5, 22] Massage is a potential mechanical stimulus and an effective trigger for the pain gate process. It can reduce a naturally occurring discomfort, causes much greater release of opiates, and helps achieve more profound pain suppression. [3] The age distribution in the present study is consistent with other studies [4, [23] [24] [25] where common age of occurrence was second to the fourth decades of life. Our results were in accordance with studies by Dworkin et al., [26] Isacsson et al., [27] and Jensen [28] who reported a female predominance, whereas contrary to this, the observations of Beaton et al. [29] observed lack of any significant gender differences in their study.
The mean ± SD of masseter muscle thickness in control group was 12.00 (±1.1) mm and in TMD group before treatment was 13.00 (±1.1) mm and was found to be statistically significant (P = 0.001). Sonography was used for the measurement of masseter muscle thickness [16, [30] [31] [32] and was confirmed to be a reliable procedure. Similar studies had been carried out by Pereira et al. [32] Kiliaridis and Kälebo [33] concluded that ultrasonography was an accurate method, with a low error (0.49 mm) for measuring the thickness of masseter muscle. Ariji et al. [17] investigated the ultrasonographic features of 32 patients with inflammatory change in the masseteric region and concluded that ultrasound is an accurate modality for measuring the thickness of masseter muscle and may provide information useful in diagnosis and treatment, especially in follow-up examination. Kubota et al. [30] investigated the thickness of the masseter muscle related to the maxillofacial morphology, including the thickness of alveolar process in the mandibular incisor region, and the thickness of the mandibular symphysis suggesting that masticatory functions influence the morphology of the mandible. Reimers et al. [34] investigated the sonographic features of inflammatory myopathies with reference to histologic findings and confirmed that the thickness of edematous muscle was greater than that of nonedematous muscle.
An increase in masseter muscle thickness has been reported in patients with TMD, [3, 16, 32] although the cause of thickening is not well known. In general, two possible causes are considered for increased thickness. When a muscle contracts, there occur sliding of the muscle fiber filament and an increase in the fiber diameter. Another cause would be an edematous change in the muscle. [16] TMD patients usually suffer from muscle pain for a relatively long time before visiting a dental clinic or hospital. They may hold a long-term low-level contraction, which is suggested to be caused by psychologic stress or prolonged work. Taken together, increased thickness in TMD patients is suggested to be related to muscle edema rather than muscle fiber enlargement by initial filament sliding. [3] The mean and ± SD of the VAS scores of muscle pain before treatment found no statistically significant difference between two groups (P < 0.05); however, it was statistically significant after treatment (P < 0.05).
Similar results have been reported by El Fatih et al. [35] that the ultrasound group showed a higher success rate with 93.3% pain improvement whereas the TENS showed only a success of 53.3%. Contrary to this, the observation of Madani and Mirmortazavi [36] showed that anterior positioning splint therapy appears to be the best treatment method for reduction of pain and joint sounds in patients with TMD, compared with the other two methods (TENS and Th US therapy) studied.
In a study by Moger et al. [21] who observed that the pain reduction in the active treatment group was more than in placebo group, the difference between the groups was not statistically significant (P < 0.05). Rodrigues et al. [37] observed a significant reduction in pain intensity (P < 0.05) before and after TENS application.
Pain relief in Th US is related to washout of pain mediators by increased blood flow, changes in nerve conduction, or alterations in cell membrane permeability that decreases inflammation. This reduction in muscle pain can be attributed to the effect of TENS therapy on the electrical stimuli, pressure and touch impulses which arrive faster at the levels of the spinal cord in the substantia gelatinosa of the dorsal horn and in the higher levels of the central nervous system than the pain impulses and "close the gate" for pain impulses, resulting in a suppression of pain signals, and TENS also causes activation of endogenous analgesic systems involving opiate-like peptides, such as endorphins, thereby increasing their plasma levels. They are known to have far more analgesic efficacy than morphine. [11] The mean ± SD of the VAS scores of impediment to daily life after treatment shows that there was statistically significant difference between both the groups (P < 0.05) and found better day-to-day life impediment in Th US group. However, patients who received Th US therapy experienced better massage impression compared to those received TENS therapy and found statistically significant difference between the two groups (P < 0.05).
A study by Grieder et al. [15] suggested that the ultrasonic therapy was not alone effective in relieving symptoms; however, it is more effective when used as an adjunct to the accepted modalities of therapy. Esposito et al. [14] concluded that ultrasound is most successful in alleviating muscle symptoms and less effective in reducing symptoms associated with the disk. Esenyel et al. [38] concluded that the effectiveness of ultrasound therapy is comparable to trigger point injections but is considered to be noninvasive treatment of choice. Majlesi and Unalan [39] observed high-power ultrasound applied to the trigger points before stretching the muscle were more effective (P < 0.05) than conventional ultrasound. The main reason is mainly due to thermal effects of Th US. [40] The masseter muscle thickness significantly decreased after treatment on symptomatic sides in both the groups with no significant difference found when compared between two modalities of treatment (Th US and TENS) before and after treatment (P > 0.05). The decrease in thickness suggested that the imbalance in the masticatory muscles has improved by massage treatment of Th US. Mild rhythmic muscle movements by TENS causes increased blood and lymph circulation which results in reduced interstitial edema and accumulation of noxious tissue metabolites, thereby improving the physiological state of muscle which, in turn, leads to significant reduction in muscle spasm and pain.
All these results can be due to the combined effects of TENS therapy which includes neurologic, pharmacologic, physiologic, and psychologic effects. [11] The anechoic areas were found to disappear or reduced in 95.6% Th US group and 74.4% in TENS group after treatment. Ariji et al. [3] investigated the sonographic features of the masseter muscle as indices for judging the efficacy of massage treatment with an oral rehabilitation robot and reported that the thickness was significantly decreased after treatment (P < 0.05), which was in accordance to our study. They concluded that the presence of anechoic area can be attributed to the thickening of the masseter muscle and the disappearance or reduction is mainly due to its action on arterial and venous blood flow, the blood clotting process, and the properties of the connective tissue and muscle. It also improves lymph drainage, restores the normal osmotic pressure of the interstitial fluid, thus reducing muscle edema. [41] The internal sonographic features of the muscles would be an indicator of the pathologic state of the muscles. [17] A study carried out by Ariji et al. [16] evaluated the intramuscular echogenic band and assessed the muscle appearance into various types and found that significant difference in distribution between healthy and TMD groups existed.
Few patients in our study showed no change in anechoic area, but there was a considerable reduction on VAS score of muscle pain, impediment to daily life, and massage impression. This could be hypothesized by the fact that the muscle consists of transverse and short bands as suggested by Ariji et al. [16] which might response to therapy in a different manner. Thus, a detailed and in-depth analysis of the study of arrangement of internal bands in the muscle should be done.
Wessberg et al. [11] evaluated the efficacy of TENS therapy, splint, and occlusal adjustments in myofascial pain dysfunction syndrome (MPDS) patients and found 95% success rate immediately after posttreatment and 86% success rate after 1 year with TENS therapy combined with splint and occlusal therapy. Similar study reported by Møystad et al. [10] concluded that TENS is a simple, noninvasive treatment method that can be recommended to patients with rheumatic disease in periods of pain in the stomatognathic system. A study conducted by Moger et al. [21] concluded that the TENS therapy appears to be useful in relieving pain, especially muscular and chronic pain and along with TENS therapy, placebo should also be considered as a potent and independent therapeutic modality in its own right. The observation of Rajpurohit et al. [42] showed that MENS could be used as an effective pain-relieving adjunct to TENS.
CONCLUSION
Diagnostic ultrasonography was found to be an effective means of diagnosing TMDs by using masseter muscle thickness and intramuscular sonographic appearances. Both Th US and TENS group found significantly decreased thickness in the masseter muscle after treatment on symptomatic sides and no statistically significant difference between the two groups, and improvement in intramuscular sonographic appearance (reduced or disappeared anechoic areas) after treatment was more in Th US (95.6%) as compared to TENS therapy (74.4%).
Both therapies were effective in the reduction of muscle pain after treatment, but Th US therapy showed better results with a statistically significant difference when compared with TENS therapy. The subjective improvement in the form of impediment to daily life and massage impression was effective in both therapies, but Th US appeared to be a better modality with statistically significant difference between these two therapies. There was statistically highly significant improvement in the mouth opening in both when compared between Th US and TENS groups that it showed no statistically significant difference. Thus, results from our study justify the use of Th US therapy as well as TENS therapy in the management of TMD. However, Th US therapy was subjectively better on the basis of VAS score of muscle pain, VAS score of impediment to daily life, VAS score of massage impression, and on the basis of intramuscular sonographic appearance of the masseter muscle.
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